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Abstract
The Lee, Oehme and Yang (LOY) theory of time evolution in
two state subspace of states of the complete system is discussed.
Some inconsistencies in assumptions and approximations used in the
standard derivation of the LOY eective Hamiltonian, H
LOY
, gov-
ernig this time evolution are found. Eliminating these inconsistecies
and using the LOY method, approximate formulae for the eective
Hamiltonian,H
k
, governing the time evolution in this subspace (im-
proving those obtained by LOY) are derived. It is found, in contradis-













>), cannot take the zero value if
the total system the preserves CPT{symmetry. Within the use of the
method mentioned above formulae for H
k
acting in the three state












j ; t >; (1)




represent the unstable states






, and j ; t > is the solution of the




j ; t >= Hj ; t >; (2)
having the following form






















every j 2 U . The initial condition for Eq (2) in the case considered is usually
assumed to be














(t = 0) = 0:
In Eq (2) H denotes the complete (full), selfadjoint Hamiltonian of the sys-
tem. We have j ; t >= e
 itH
j >. It is not dicult to see that this property














Therefore, the decay probability of an unstable state (usually called the decay






























This last property suggests that in the case of the unstable states prepared




= 0, the initial condtion (4) for the evolution
equation (2) should be formulated more precisely. Namely, from (7) it follows
that the probabilities of nding the system in the decaying state ju
j
> at
the instant, say t = T  t
0
 0, and at the instant t =  T are the
same. Of course, this can never occur. In almost all experiments in which
the decay law of a given unstable particle is investigated this particle is
created at some instant of time, say t
0
, and this instant of time is usually
considered as the initial instant for the problem. From the property (7) it
follows that the instantenous creation of the unstable particle is impossible.
For the observer, the creation of this particle (i.e., the preparation of the
state, ju
j
>, representing the decaying particle) is practically instantaneous.
What is more, using suitable detectors he is usually able to prove that it
did not exist at times t < t
0
. Therefore, if one looks for the solutions of the
Schrodinger equation (2) describing properties of the unstable states prepared
at some initial instant t
0
in the system, and if one requires these solutions to
reect situations described above,one should completement initial conditions





) = 0; (j 2 U); (8)
and that, for the problem, time t varies from t = t
0
>  1 to t = +1 only.
Amplitudes of type a
j
(t) can be calculated directly by solving the evolu-
tion equation (2), or by using the Schrodinger{like evolution equation govern-





Searching for the properties of two particle subsystems one usually uses the



























are (2  2) matrices, acting in a two{dimensional subspace H
k
of the total
state space H. M is called the mass matrix,   is the decay matrix [1] | [7].
The standard method of derivation of such a H
k
is based on a modication of
Weisskopf{Wigner (WW) approximation [18]. Lee, Oehme and Yang (LOY)
adapted the WW aproach to the case of a two particle subsystem [1] | [6]




. Almost all properties of
the neutral kaon complex, or another two state subsystem, can be described
by solving Eq (9) [1] | [17], with the initial condition corresponding to (4)
and (8)
















for j ; t >
k
belonging to the subspace H
k
 H spanned, e.g., by orthonormal




>, and so on, (then states corresponding to

















>, etc., type and j2 >




> type, < jjk >= 
jk
, j; k = 1; 2.
The old, as well as the more recent [5] | [7] experimental tests of the
CP{nonivariance and of the CPT{invariance in the neutral kaon system need
a correct interpretation of the measured CP{ nad CPT{violation parameters.
In the large literature, all CP{ and CPT{violation parameters in the neutral





. On the other hand, in some papers the correctness and selfconsistency
of the LOY aproximation is questioned [10] | [17], [19]. Theorefore it seems
to be important to examine in detail the derivation of the formulae for H
LOY
.
The paper is organized as follows. We begin with the discussion of the
Lee, Oehme and Yang theory: Deriving formulae for matrix elements ofH
LOY
in Sec. 2 we will apply the method used in [3] with isignicant modications.
In Sec. 3 within the use of the same "receipe" as in Sec. 2, instead of the
formulae for matrix elements, the formula for the complete operator H
LOY








is also found in this
Section. The improved LOY method is used in Sec. 4 to derive the eective
HamiltonianH
k
governing the time evolution in the three dimnesional (three
state) subspace of states. Sec. 5 contains a summary and conclusions.
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2.1 Detailed derivation of H
LOY
.
Let us now consider all the steps leading to the formulae for the matrix el-
ements of H
LOY
in detail. As it has already been mentioned, the source of
the LOY model for the decay of neutral kaons is the well known Weisskopf{
Wigner approach to the description of unstable states [18]. Within this ap-













> j1 > and jK
0
> j2 > are discrete eigenstates of H
(0)
for







jj >; j = 1; 2; (15)
and H
(1)
induces the transitions from these states to other (unbound) eigen-
states j"; J > of H
(0)
(here J denotes such quantum numbers as charge, spin,




>. So, the problem
which one usually considers is the time evolution of an initial state, which is
a superposition of j1 > and j2 > states.
In the kaon rest{frame, this time evolution for t  t
0
 0 is governed by
the Schrodinger equation (2), the solutions j ; t > of which have the following
form


































("; t)j"; J > represents the decay products in the chan-
nel J ; < "; J jk >= 0, k = 1; 2; < "
0

















































































j"; J >, (k = 1; 2), are the matrix














jl >; k; l = 1; 2. These equations are exact. In agreement with






















In the WW approach to solving the Schrodinger equation (2) it is required






("), etc., should be suitably small
[18]. From [1, 2] and [3] one can conlude thatthe LOY modication of the













































for every J .
Assumptions of type (23) | (26) were used by LOY in order to replace
the exact equations of type (18), (19) by approximate equations (18) |
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(20) considered in [1] (see also [3], Chap. 5, Appendix 1, Equations (A1.4)
| (A1.6)). The mentioned LOY equations are equivalent to the following



































Eqs (27), (28) dier from LOY Eqs (18)| (20) of [1], among others, in the
rst componets of their right sides . Such components are absent in the LOY
equations. This dierence is caused by using the interaction representation in
[1] and rescaling the energy, ": "! ! = " m
0
, which means that the zero of
energy is taken to be the rest energy ofK. Another dierence is the following:
In the right sides of the LOY equations factors of type e
i!t
are present.
They are absent in Eqs (27), (28). The presence of these factors in LOY
equations is due to the use of the interaction representation. Nevertheless,
the mathematical equivalence of Eqs (27), (28) and Eqs (18) | (20) of [1] is
rigorous.
The WW theory states that under the assumptions (23) | (26), the
actual contribution of the second component on the rigth side of Eq (27) into
the amplitude a
k
(t) is very small and, in fact, it resolves itself into adding
some small complex number, say , to the parameterm
0
, such that jj  m
0
,
and Im: =  

2
< 0. Simply, the interactions which are responsible for the







+. So, the replacement of Eq (27) by the following










(t); (k=1;2; t > 0): (29)
which means that under the conditions (23) | (26), the amplitudes a
k
(t)









; (k=1;2; t > 0); (30)

















; (t > 0); (31)
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is considerd to be obvious. This assumption is equivalent to the LOY as-
sumption (21) of [1] (or, (A1.1) in [3], Appendix of Chap. 5), which is easily
seen if (31) is rewritten in the LOY manner:








; (t > 0); (32)
where






(t)j2 > : (33)
The assumption (31) (or (32) ) is crucial to the LOY method and it is the
essence of the approximation which was made in [1, 3]. It determines all the
properties of the eective Hamiltonian H
LOY
governing the time evolution

































("; t = 0) = 0;
which can easily be solved and leads to the following solution for F
J
("; t)
with t  0:
F
J














Now, one can eliminate F
J
("; t) from Eq (27) by substituting (36) back
into Eq (27). This leads to the following equation, eg., for a
1




































































The main properties of the quasistationary, or bound states manifest
themselves at times t t
0
= 0, where t
0
is the moment of their preparation.
Therefore, it is reasonable to replace the upper limit t <1 of the integrals
in Eq (38) by t!1. Also, as it was mentioned,  is a very small number.





, are obtained by putting  = 0 under the integrals in Eq (38) and
then evaluating these integrals and passing to the limit t ! 1. (In this
case these matrix elements will be denoted by h
LOY (0)
jk























































































(x)jk > : (j;k=1;2): (41)
A similar equation can be obtained for the amplitude a
2
(t). This means that



























i.e., exactly as in [1] | [8].
These formulae are the frame for almost all calculations of the parameters
characterizing the properties of the neutral kaons complex and other two level
subsystems [8, 9].




P = j1 >< 1j+ j2 >< 2j; (43)
Q = I   P 
X
J;"
j"; J >< J; "j; (44)
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PQ = QP = 0;
[P;H
(0)
] = 0; [P;H
(1)
] 6= 0; (45)



































acts in a two dimensional subspace H
k
of H. This H
k
can be








j ; t >
k
 P j ; t > : (49)






= QH  H	H
k




; t >; (50)
where
j ; t >
?
def
= Qj ; t > : (51)
2.3 CPT transformation properties of H
LOY
.
Usually, in the LOY and related approaches, it is assumed that the free
Hamiltonian H
(0)
is CPT{invariant [1] | [7]:
[; H
(0)
] = 0; (52)
where  is the antiunitary operator:

def
= CPT ; (53)
and C is the charge conjugation operator, P | space inversion, and the
antiunitary operator T represents the time reversal operation. (Basic prop-
erties of anti{linear and linear operators, their products and commutators
are described, eg., in [20, 21, 22]).
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Using, e.g., the following phase convention [2] | [6]
j1 >
def
=  j2 >; j2 >
def
=  j1 >; (54)
which means that the subspace of neutral kaonsH
k
is assumed to be invariant
under :
[; P ] = 0; (55)
one easily nds from (42) that in the case of the CPT{invariant interactions
[; H
(1)
] = 0; (56)
i.e., in the CPT{invariant system
[; H] = 0; (57)











This is the standard result of the LOY approach and this is the picture which
one meets in the literature [1] | [12].
3 Improved LOY approximation.
3.1 General considerations.





("; t) have been analysed. While considering
each of the equations separately there is a danger of overlooking some com-
mon, global properties of a such system and thus similar properties of the
physical system under consideration. It seems that a complex look at the
equations governig the time evolution in the subsystem considered should
either conrm all the conclusions and formulae derived above or show that
they are incorrect. It should also indicate all the questionable steps in the
standard derivation of H
LOY
. So, let us consider the evolution equations for
the components j ; t >
k
(13), (49) and for j ; t >
?
(51) of the state vec-





("; t). Using projection operators P and Q, (43), (44), one can obtain
from the Schrodinger equation (2) for the state vector j ; t > two equations
for its orthogonal components j ; t >
k









j ; t >
k
= PHP j ; t >
k





















j ; t >
?
= QHQj ; t >
?
+QHP j ; t >
?
; (61)




P j ; t >
?
; (62)
with the initial conditions (12), (13) and (21), which are equivalent to the
following one
j ; t = 0 >
?
= 0: (63)
Let us consider a general case of Eqs (59) and (61). According to the
LOY method, as in the usual single line width problem of atomic transitions








j ; t >
k
in Eq (59) should be eliminated. Within this method,
assuming that such a contribution is suitably small, one requires i
@
@t
j ; t >
k
to be expressed in terms of j ; t >
k
only. From the superposition principle
one conludes that such an expression should be time independent and linear.
Therefore, to fulll this requirement, if the transitions from the subspace of
decay products H
?
3 j ; t >
?
are suciently weak (see ([23])), i.e., if for
every nite t  0,
k PHQj ; t >
?
k  k PHP j ; t >
k
k; (64)
the following substitution into Eq (59) should be made













is in general a nonhermitian operator (a nonhermitian matrix)
acting in the subspace H
k
3 j ; t >
k
. Then, to a very good approximation,



























This means that one should the expect solutions of (59), (60) to have the
exponetial, similar to (31) and (32), form:

















j ; t = 0 >
k
; (69)
and, as it has been done in the LOY theory, such a form of j ; t >
k
will be
















governing the time evolution in the subspace considered.
Solving Eq (61) one can eliminate j ; t >
?
from Eq (59) by substituting
the solution of Eq (61)back into Eq (59). Looking for this solution we will









j ; t >
?
; (t  0); (72)










QHP j ; t >
k
; (t  0); (73)
j
g
 ; t = 0 >
?
= 0:
It is easy to solve this equation. Using its solution one nds








QHP j ;  >
k
d; (t  0); (74)
which is in perfect agreement with the result (36) in Sec. 2.




j ; t >
k












which is an analogon of Eq (37) in Sec. 2. Notice that in contradistinction
to Eq (37) mentioned, Eq (75) is exact. (In the literature, equations of type
13
Eq (37) are called "master equation" [24], or Krolikowski{Rzewuski equation
for the distinguished component of a state vector [25] | [29]).
Now inserting the expected exponential form of j ; t >
k
(68) into Eq
(75) and, taking into account (as in Sec. 2) the fact that all characteristic
properies of bound, or quasistationary states manifest themselves at times
t  t
0
, practically for t ! 1, (here t
0
is the moment of the preparation of

































= 0), which is analogous to Eqs (38), Eq (39).
On the other hand, if the solution (74) of Eq (61) is directly substituted
into Eq (65), and one keeps in mind the above motivation in relation to time


























j ; t >
k
: (77)
From this equation, or from Eq (76) one can infer that the operator (the
matrix) V
k















So, the consistently applied LOY method leads to the nonlinear equation
for the eective Hamiltonian H
k
, (70), governing the time evolution in the
subspace H
k
. Similar equations one can meet in theories of equations of the
"master equation" type, [24]| [29].
Solutions of Eq (78) can be found, e.g., by means of the iteration method.






























Taking into account the fact that the contribution of the component j ; t >
?
into Eq (59) for j ; t >
k
is (by the assumption (64)) very small, and therefore
that the matrix elements of the operator V
k
, (65), expressing this contribution





Such an assumption corresponds with the similar one exploited in the LOY
approach, i.e., which is made in Sec. 2 for the parameter  appearing in
formulae (29) | (32), where the nal formulae for the matrix elements of
H
LOY
were obtained by assuming that  = 0 (see Eq (39)). Therefore the
identication of the approximate solutions V
(1)
k
























seems to be well{grounded.
3.2 Assumptions leading to the standard form of H
LOY
.
Analysing the LOY derivation of the eective Hamiltonian discussed one can
observe that the components containig the matrix elementsH
(1)
kl
, (k; l = 1; 2),
are neglected in the right sides of the LOY equations equivalent to Eqs(27) in
Sec. 2 (see Eqs (18), (19) in [1], or, Eqs (A1.4), (A1.5) in [3], Chap. 5,
Appendix 1). The analogous form of Eq (60) can be justied if for every
nite t  0
k PH
(1)
P j ; t >
k
k  k PH
(1)
Qj ; t >
?
k : (83)
(This condition replaces the earlier one (25) used in Sec. 2). Assuming that
inequality (83) holds, instead of Eq (60), to a suciently good approximation,














Qj ; t >
?
; (t  0): (84)
Next, according to the ideas leading to Eqs (66), (67), using (65) this equation














j ; t >
k
; (t  0): (85)
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From this, one can conclude that if condition (83) is fullled then the solution
of Eq (60) should have exactly the same exponential form (32) as the solution
of the LOY equations (18), (19) in [1], (see [1]), formula (21)),





















Similarly to the Eq (78) and according to the taken assumptions,such a form

























































From the course of the derivation of this eective Hamiltonian it follows that





is justiable. One should stress
that such an approximation for H
LOY
can be considerd as suciently good
and correct provided that for every t  0 the requirement (83) holds.






derived in Sec. 2. It occurs because the exact solution (74) of Eqs (61), (62)
was used, when the formula was derived for V
k




, where the approximate solutions (36) of Eq(19), corresponding
to Eq (61) were used.
Note that in the case of H
LOY
considered, and CPT symmetry conserved,






















Let us consider in detail some implications of the main assumption of the
LOY theory, i.e., the relation (86), which is equivalent to (32), (31) in Sec,
2 and (21) in [1]. This relation and similar ones are a direct consequence of
the assumption (83) and the other ones of this type.
Note that the relation (65) and the initial condition (63) states that
V
k
j ; t = 0 >
k





j ; t > 0 >
k
= PHQj ; t > 0 >
?
6= 0: (93)
The result (92) means that neglecting the component PH
(1)
P j ; t >
k
in the
right side of Eq (84) leads, by the relation (86), to the trivial form for the
j ; t >
k
:
















which does not reect the real processes occuring, e.g., in the neutral kaon
complex. In other words, the assumptions of type (83), the only ones under
which H
LOY
can be derived, force two state unstable system considered to
behave as one state (one level) stationary subsystem. Thus, the substitutions
of type (86) into the Eq (76), or Eq (77), i.e., the Eq (87) can not result
in the approximate eective Hamiltonian (82) describing correctly the real
properties of a two state unstable subsystem.
A detailed analysis of the assumption (83) guaranteeing the approximate
eective Hamiltonian governig the time evolution in two dimensional sub-
space of states to be of the LOY form (90) indicates that such an assumption
cannot be fullled for every t  0. One nds that at t = 0, and thus at
0 < t ! 0 it is not satised. Namely, it is not consistent with the initial
condition (63). From (63) it follows that PHQj ; t = 0 >
?
= 0, and thus
PHQj ; t! 0 >
?
' 0. So, keeping in mind that k j ; t = 0 >
k
k= 1 one con-
cludes that there must bek PH
(1)





Qj ; t ! 0 >
?
k' 0 for 0 < t ! 0 instead of (83). This means
that the derivation of H
LOY
is incoherent. (The same conclusion refers to all
derivated formulae for the LOY eective Hamiltonian in the literature, in-
cluding [1] {[5], where the approximations equivalent to the assumption (83)
were used). On the one hand, in the LOY treatment of time evolution in a
two state subspace initial conditions are dened for t = t
0
 0 and solutions
17
of approximate equations of Eq (84) type are discussed for t  t
0
= 0, up
to t = +1. On the other hand, within this treatment the approximation of
type (83) is used and this approximation in not true for the whole domain of
the parameter t, but only for its part (for t  t = t
0
= 0). In other words,
conditions of the (83) type can never reect the real properties of time evo-
lution in the two state subsystem considered. Therefore H
LOY
is unable to
describe correctly all the real properties of the system under considerations.
The defects of the LOY method described above can be easily rectied.
It is sucient to abandon this questionable condition (83). In other words,
instead of approximate equations of type (84) one should use equations of
the type (59), (60) containing component PH
(1)
P j ; t >
k
, (or, matrix ele-
ments H
jk
, (j; k = 1; 2) in the case of equations of the type (18)). Thus,
the exponential form of j ; t >
k
given by the relation (86) cannot be con-
sidered at all, but only the one given by the formula (69) should be used.
Indeed, the problem expressed by the relation (94) disappears when one uses





] 6= 0 and expanding (69) in the power series one nds that, e.g.,









P j ; t = 0 >
k
6= 0 in such an expansion. Therefore one can state
that, contrary to (94), the relation (69) leads to the nontrivial result, i.e.,
that V
k
situated in the exponent of the expression (69) acts nontrivially on























So, let us use the above mentioned improvements of the LOY method











P , which can be derived assuming that j ; t >
k
has
























To evaluate this integral it is necessary to calculate exp[itPH
(1)
P ]. Keep-
ing in mind that PH
(1)



































is the unit operator in H
k


















































































































































































































































This eective Hamiltonian H
Imp
LOY
diers signicantly from the standard ex-
pression (46) for H
(0)
LOY
and from (90). The properties of the matrix elements
of these eective Hamiltonians, both of which are calculated for the CPT in-
variant system (57), (56), are themain and the most conspicuous dierence.


























































































































































































(") =< j j (") j k >, and j; k = 1; 2. Now, using (52) | (57) it is not
dicult to conclude from (103) | (105) that for the CPT invariant but CP
noninvariant system, it must be








contrary to the standard LOY result (58). It should be emphasized in this
place that improving the LOY method, only the consistency of the initial
conditions (12) and (63) (or (20) and (21) ) for the problem with the ap-
proximations used (64), (69) and with the geometry (the dimension) of H
k
has been taken into account much more rigorously than it was made by








should reect the real properties of the system considered
much better than it is possible within the use of the standard LOY eective
Hamiltonian (42), (46).In this context, the result (106) seems to have serious
consequences when interpreting CPT invariance tests, e.g., for the neutral
kaon complex.




Using the LOY method the eective Hamiltonian H
k
governing the time
evolution in n{dimensional subspace H
k
of state space H for n > 2 can also
be found. A derivation of such a H
k
is rather time consuming when one
uses the standard LOY approximation and considers equations of type (18),
(19) for amplitudes a
j
(t); (j = 1; 2; : : : ; n), (3). On the other hand, such
a purpose can be realized relatively easy if one applies the improved LOY
method used in Sec. 3 and uses Eqs (59), (61) for components j ; t >
k
,
j ; t >
?
, (49), (51), of a state vector j ; t >2 H instead of the mentioned
equations for amplitudes a
j
(t). These equations together with the initial
condition (63) and assumptions (64), (65) lead to the Equation (78) for V
k
and thus, by (79), (81), (similarly to the case considered in Subsection 3.3), to




















will be used. Considering the general case described by Eqs (59), (61), and

































Let the subspace H
k











. Then the projection operator P















is the unity for the three dimensional subspace H
k
considered,
and the complementary projector Q, (44), equals Q = I   P .
The operator PHP is selfadjoint, so the (33) matrix representing PHP
in the subspace H
k














, and eigenvectors j
j
>, (j = 1; 2; 3).

















































































This last relation is the solution for the problem of nding exp[itPHP ]

































(where () is dened by the formula (89) ), which by (108) solves the
problem of nding the improved LOY eective Hamiltonian governig the
time evolution in the three state subspace H
k
of the total state space H.
The results obtained in this Section can be easy generalized to the case
of dim(H
k
) = n > 3.
5 Final remarks.
Detailed analysis of assumptions leading to the standard form of the LOY
eective Hamiltonian governing the time evolution in a two state subsystem
indicates that some assumptions, which have been used in the LOY treat-
ment of the problem, and which the WW theory of single line width uses,
should not be directly applied to the case of two, or more, level subsys-
tems interacting with the rest of the physical system considered. Namely,
when one considers the single line width problem in the WW manner it is
quite sucient to analyse the smallness of matrix elements of the interac-
tion Hamiltonian, H
(1)
, only. For the multilevel problem,contrary to the
single line problem, such a smallness does not ensure the suitable smallness
of components of the evolution equations containing these matrix elements.
Moreover, there is no necessity of taking into account the internal dynamics
of the subsystem, which also has an eect on the widths of levels in many
levels subsystems, in such a case. The observed level widths in two and more
level subsystem depend on the interactions of this subsystem with the rest,
23
but they also depend on the interactions between the levels forming this sub-
system. So, the internal interactions in the subsystem considered can not
be neglected when one wants to describe the real properties of multi state
subsystems.
From the form of Eqs (18) | (20) in [1] (or, Eqs (A1.) | (A1.6) in
[3], Appendix 1 of Chap. 5) it follows that the LOY and related treatments
of time evolution in two state subsystem use the WW theory of the single
line width withoutany modication of the questionable points of the WW
method and do not consider at all the aspects of time evolution in many state
subsystem mentioned above. When one wants to apply the LOY method of
searching for the properties of the time evolution in a two level subsystem, in
order to be more rigorous than it was done in [1] | [9] and than it is possible
within the standard WW approach, one should replace requirements (24) |






















































Such a form of assumptions replacing (24) | (26) enable, e.g., to detect
the inconsistencies between the main LOY assumption (31) (or, (32) ) and
the initial condition (21). From (21) it follows that the requirments of type
(120), the only ones under which the approximate Eqs (27) are suciently
accurate, can not be fullled for t = 0 and for t ! 0. (It is impossible
to draw a similar conclusions from the assumptions of type (25) ). So, the
expected and assumed exponential form, (32), of j ; t >
k
, (33), should take
into account the fact that for short t the inuence of H
(1)
on the form of
j ; t >
k






("; t) in Eq (18). The infuence of this last component can
become crucial only for suciently large times t  T
as
> 0. It seems to be








. So, whether one should replace
j ; t = 0 >
k




in the assumption (32), or one should leave
j ; t = 0 >
k




, cut down to the subspace H
k
, there. These cases, similarly











Analysing the standard derivation of H
LOY
[1, 3] one can draw a conclu-
sion which seems to be strange that conditions of type (24) | (26), necessary
to obtain this H
LOY
, lead to the same form of the efective Hamiltonian, H
k
,
governing the time evolution in subspace H
k
independently of the dimen-
sion of this H
k
. This means that the properties of the subsystem considered
which manifests itself during the time evolution, should not depend on the
dimension of the subspace of states of this subsystem. The common form of
H
k
is given by (46) and (90) and this is the form which can be obtained by








; Q = I   P
 
; (122)
where <  j >= 1, one has
PHP =<  jHj > P
 
; (123)













(<  jHj >); (124)
where 
 
(x) is dened by the relation (89) for P  P
 








, for the case dim(H
k













Such a form of V
(1)
k




by the standard LOY approach for the case of the arbitrary dimension of
H
k
. From the last formula and from the relations (118), (108), and (102) it
follows that the form of the eective Hamiltonians obtained within the use
of the improved LOY method desribed in Sec. 3 depends on the geometry of
the problem, i.e., on the dimension of the subspace H
k
. Such an implication
of the improved LOY method, (contrary to the result, which can be obtained
by the standard LOY method), seems to be quite natural and obvious for
the real physical systems. Therefore the improved LOY method, which is
25
consistent with the initial condition for the problem, (21) or (63), and more
rigorous than the standard one, should reect the real properties of the sys-
tem considered more accurately than it is possible within the use of the LOY
theory in its original form.
Note that, as it has been shown in Sec. 4, the discussed improved method
allows one to relativelly easy compute the eective Hamiltonian H
k
for n{
dimensional (n  2) subspace H of states.
The last observation is that comparing the formulae for the matrix ele-
ments, (103), of the improved LOY eective Hamiltonian,H
Imp
LOY
, with the for-






derived from the Krolikowski{Rzewuski equation [25] | [27] in [28] and dis-
cussed also in [23], one nds that all they are identical. Also, the general
formula, (78), (79), for the operator V
(1)
k
is simply the asymptotic case of
the formula for V
(1)
k









So, the formalism applied in [23, 28] and also in [15] to describe the prop-
erties of neutral the kaon and similar complexes, should not be considered
as an alternative approach to the description of time evolution in such com-
plexes. Simply, the formalism mentioned is more rigorous than the improved
LOY method, but both these approaches produce the same formulae for the
approximate eective Hamiltonians for the problem.
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